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(57) ABSTRACT

A method of impact crushing of material includes the follow-
ing steps: the material 1s fed to a rotor crushing the material
and forwarding pieces of the material towards secondary
crushing rotors. Small material pieces are hit by the first
secondary crushing rotor and large material pieces are
impacted by the second secondary crushing rotor. Impact
surfaces of the secondary crushing rotors are substantially
normal to the movement directions of the pieces during the
impacts. A time interval between the impacts made by the
secondary crushing rotors 1s defined with use of the expres-
sion At=(0.7 . .. 1.3)(R,/V,-R,/V,), where R, and R, are
distances from a place of forwarding the pieces by the rotor to
the places, where the first and second secondary crushing
rotors impact the pieces, correspondingly, V, and V, are aver-
age velocities of the pieces forwarded towards the first and
second secondary crushing rotors, correspondingly.

An 1mpact crusher 1s disclosed as well.
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METHOD OF ACTIVE IMPACT CRUSHING
OF MINERALS

TECHNICAL FIELD

The mvention relates to methods of crushing solid mineral
and 1s recommended to be applied 1n the mineral resource
industry and the mineral processing industry, the building
material industry, the mining and coal industries, highway
engineering, metallurgy and other fields, where processing of
solid mineral and 1industrial raw material 1s carried out.

BACKGROUND OF THE INVENTION

The applied method 1s a result of development and
enhancement of the method of impact crushing of the U.S.
Pat. No. 5,328,103 which we call a method of active impact
crushing. FIG. 1 shows the motion of mineral pieces a) while
coming along a feed track and 1nto a zone of rotor rotation and
b) during the scattering of the pieces after an initial impact.

The U.S. Pat. No. 5,328,103 discloses the method, when
the mineral pieces of different sizes come along the feed track
into the zone of the rotor rotation. It was assumed that the size
of a piece coming into contact with the rotor does not matter
and velocity vectors of the pieces thrown ofl towards rotat-
able secondary crushing rotors depend only on the amount of
their travel along the impact surface of the rotor.

The described method 1s implemented by impact crushers
of different power and output, which are disclosed in the U.S.
Pat. No. 5,328,103 as well, and 1s used in real industrial
operating conditions 1n the processing of ore and non-metal-
lic mineral. In such an 1mpact crusher secondary crushing
rotors (rotors of the secondary crushing) are rotatable syn-
chronously with the rotor (the 1mitial crushing rotor) and have
concavo-concave impact active retlecting surfaces, wherein
their masses 1ncrease from the centers of the rotor rotation
along the general symmetry axes, and the radiuses of the
active retlecting surfaces are equal to the distance from the
point of crossing of the feeding track plane and the circum-
terence of the mitial crushing rotor to the common active
reflecting surface of the secondary crushing rotors. In this
crusher the mitial crushing rotor operates as a forwarding
rotor, which forms the portions of the material to be crushed,
partially crushing the pieces of the material to be crushed and
torwards them towards the secondary crushing rotors (reflect-
ing elements), which crush the arriving material to particles
ol a certain size depending on the set modes by use of the
method using the active impact and therefore they are called
the rotors of active impact. Additionally, a principle of
counter and high-speed dynamic interaction of impact ele-
ments and material to be crushed is carried out.

The crushers using the active impact have high efficiency
of crushing and grinding of mineral and can avoid multistage
and multiprocess ore pretreatment. Despite the advantages,
the method has shortcomings. During the use of the crushers
it was seen that the crushing efficiency 1s limited, processing
time 1s increased and regrinding of the crushed product
occurs, which leads to unnecessary energy consumption.

It 1s known 1n the ore mining that the ore regrinding leads
to significant losses of useful components during the enrich-
ment process. The production of the regrinded material with
the size of particles less than 2 to 4 millimeters 1s extremely
undesirable 1n the construction material industry, especially
in highway engineering, because such material 1s not used
and this leads to adverse economic and ecological side
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elfects. This 1s typical, for example, for jet mills, devices
using the method of ““the step crushing™.

SUMMARY OF THE INVENTION

The present imvention includes a method of an 1mpact
crushing of material with use of a crusher comprising a feed
track, a rotor with one or more mmpact surfaces and two
secondary crushing rotors with impact surfaces. The rotor and
the secondary crushing rotors are rotatable synchronously.
The method includes the following steps: the material 1s fed
with use of the feed track to the rotor; the material i1s crushed
by the rotor to pieces of different sizes and 1s forwarded
towards the secondary crushing rotors; and the material
pieces forwarded towards the secondary crushing rotors are
then hit by the impact surfaces of the secondary crushing
rotors. The material pieces forwarded towards the first sec-
ondary crushing rotor are impacted by the impact surface of
the first secondary crushing rotor and the material pieces
forwarded towards the second secondary crushing rotor are
impacted by the impact surface of the second secondary
crushing rotor. An angle between the impact surface of the
cach secondary crushing rotor interacting with the material
pieces forwarded towards 1t and movement directions of these
material pieces has a value from approximately 76 to approxi-
mately 104 degrees at the moment of the impact. The material
pieces are hit by the secondary crushing rotors with a time
interval between impacts of the first and second secondary
crushing rotors defined with use of the expression

A=(0.7 ... 1.3)}R1/V1-R2/V2),

where:

R1 1s a distance from a place, where the most distant from
the rotor rotation axis point of the impact surface of the rotor
1s at the minimum distance from the end of the feed track, to
the place, where the first secondary crushing rotor impacts the
material pieces;

R2 1s a distance from the place, where the most distant from
the rotor rotation axis point of the impact surface of the rotor
1s at the minimum distance from the end of the feed track, to
the place, where the second secondary crushing rotor impacts
the material pieces;

V1 1s an average velocity of the material pieces forwarded
towards the first secondary crushing rotor; and

V2 1s an average velocity of the material pieces forwarded
towards the second secondary crushing rotor.

The present invention includes an impact crusher compris-
ing a body containing a feed track, a rotor with one or more
impact surfaces and two secondary crushing rotors with
impact surfaces. The rotor and the secondary crushing rotors
are rotatable synchronously. The rotor 1s able to hit material
ted by the feed track and forward matenal pieces towards the
secondary crushing rotors. The secondary crushing rotors are
able to then hit the material pieces forwarded towards them by
impact surfaces of the secondary crushing rotors. The rotor
and secondary crushing rotors are rotatable 1n such a way that
an angle between the impact surface of the each secondary
crushing rotor interacting with the material pieces forwarded
towards 1t and movement directions of these material pieces
has a value from approximately 76 to approximately 104
degrees at the moment of the impact. The secondary crushing
rotors are rotatable 1n such a way that a value of a time interval
between the impacts made by the impact surfaces of the first
and second secondary crushing rotors on the material pieces
forwarded towards them 1s defined with use of the expression

A=(0.7 ... 1.3)}R1/V1-R2/V2);
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where R1 1s a distance from a place, where the most distant
from the rotor rotation axis point of the impact surface of the
rotor 1s at the minimum distance from the end of the feed
track, to the place, where the first secondary crushing rotor
hits the material pieces;

R2 1s a distance from the place, where the most distant from

the rotor rotation axis point of the impact surface of the rotor
1s at the minimum distance from the end of the feed track, to
the place, where the second secondary crushing rotor hits the
material pieces;

V1 1s an average velocity of the material pieces forwarded
towards the first secondary crushing rotor; and

V2 1s an average velocity of the material pieces forwarded
towards the second secondary crushing rotor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a method of active impact crushing.

FI1G. 2 shows a general diagram of kinetics of material to be
crushed.

FIG. 3 shows the first stage of kinetics of matenial to be
crushed.

FI1G. 4 shows the second stage of kinetics of the material to
be crushed.

FIG. 5 shows the third stage of kinetics of the material to be
crushed.

FIG. 6 shows the fourth stage of kinetics of the material to
be crushed.

FI1G. 7 shows a diagram of the gravel (macadam) producing
by crushing.

FIG. 8 shows a diagram of the suction device positions.

FI1G. 9 shows an active impact crusher.

FIG. 10 shows an active impact crusher.

DETAILED DESCRIPTION

The object of the present invention 1s to develop the method
of the impact crushing, which increases crushing etficiency,
the crushed product quality and at the same time decreases the
power consumption of the process. The object 1s to avoid
regrinding of the material and to reduce duration of the crush-
ing as well. The additional object of the present invention 1s to
ensure that flows of the maternial to be crushed are not
obstacles for each other in the crusher during the crushing
process.

During the use of the crushers 1t was revealed that (as FIG.
1 ¢) shows) small pieces come to a secondary crushing rotor
with a lag relative to arrival of large pieces to the secondary
crushing rotor, the lag depending on the size and the velocity
of the pieces. In this case crushing occurs sequentially—the
material 1s first being crushed through interaction with the
upper (second) secondary crushing rotor and later—in a cer-
tain time 1nterval—through interaction with the lower (first)
secondary crushing rotor.

The reason of the reduced efliciency of the crusher 1s that
neither the velocities nor the sizes of the pieces of the matenal
to be crushed and forwarded by the rotor to the secondary
crushing rotors are taken into account. Without taking into
account these factors 1t 1s impossible to achieve the enhanced
crushing efficiency in full measure, this can especially be
observed 1n processing of strong and very strong mineral.
Two secondary crushing rotors forming the common second-
ary crushing rotor at the moment of the impact with the
material to be crushed (the moment of the secondary impact)
cannot come 1nto contact with the large and small pieces of
the material simultaneously or 1n such a way, that the impact
surfaces of the secondary crushing rotors are normal (perpen-
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dicular) to the flight directions of the large and small piece.
This 1s because at first the large pieces 1ly up to this surface
and only then do the small pieces, wherein the large and small
pieces tly up with different velocities. It 1s shown 1n the paper
“Rotary crushers” edited by Bauman V. A., Moscow, Mashi-
nostroenie, 1973, pp. 44-45. In accordance with this paper the
velocity of the less crushed (1.e. larger) pieces can increase the
average velocity of the pieces up to 2 times. Thus, 11 the large
pieces came to the secondary crushing rotor earlier than the
small pieces were crushed by the impact surface of the sec-
ondary crushing rotor normal to the direction of the pieces
tlight, the small pieces cannot be efficiently crushed since the
secondary crushing rotor had time to turn and 1ts 1mpact
surface 1s no longer normal to the flight direction of the small
pieces. And vice versa, 1f the small pieces come to the sec-
ondary crushing rotor at the time when 1ts 1mpact surface 1s
normal to the tlight direction of these pieces and therefore
they are efficiently crushed, the large pieces which arrived
carlier would not be crushed since the impact surface of the
secondary crushing rotor was not normal to the tlight direc-
tion of the pieces when they struck because the secondary
crushing rotor did not have enough time to come into the
perpendicular or close to perpendicular position.

Therefore, to solve the object of the present invention, the
secondary crushing rotors should crush the pieces of the
material forwarded to them 1n such a way that the impact
surfaces of the both secondary crushing rotors are normal to
the thght directions of the pieces of the material to be crushed
during interaction of the impact surfaces and the pieces of the
material. Such a result can be achieved as well, 1f the second-
ary crushing rotors interact with the large and small pieces of
material to be crushed simultaneously.

It was determined that the crushing efficiency 1s reduced
and processing time 1s increased because the material con-
centrating 1n one place overloads the rotor and the grate as
well. It was determined that the matenal regrinding occurs
and a removal of the grinded product from the process is
slowed throughout a purposive mutual collision of the tlows
of the particles of the mineral being crushed. The material
crushed by the upper secondary crushing rotor 1s thrown off
into the zone of rotor rotation and 1s partly mixed with the
newly arriving material, but the main part of the material goes
to a grate under the rotor. Then the material crushed by the
lower secondary crushing rotor 1s thrown oif into the same
zone.

This means that the efficiency 1s reduced and the power
required for the crushing increased, because mput power 1s
also expended for plastic deformation, which does not result
in the crushing but uses the majority of the mput power. The
reason for the excessive grinding, the restrained crushing
productivity and the increased consumption of the supplied
clectric power 1s the absence of devices for distribution and
control of tlows of the crushed to the necessary size parti-
ciples of the material 1n the crusher 1n order to avoid crossing
of these tlows with each other in time.

The main object of the present invention 1s solved by a
method of impact crushing of material with use of a crusher
comprising a feed track, an rotor with one or more impact
surfaces and two secondary crushing rotors with impact sur-
faces, wherein the rotor and the secondary crushing rotors are
rotatable synchronously, the method includes the following
steps:

the material 1s fed with use of the feed track to the rotor;

the material 1s crushed by the rotor to pieces of different
s1zes and 1s forwarded towards the secondary crushing rotors;

the material pieces forwarded towards the secondary
crushing rotors are then impacted by the impact surfaces of

1
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the secondary crushing rotors, wherein the material pieces
forwarded towards the first secondary crushing rotor (the
small pieces) are hit by the impact surface of the first second-
ary crushing rotor and the maternal pieces forwarded towards
the second secondary crushing rotor (the large pieces) are
impacted by the impact surface of the second secondary
crushing rotor.

The method 1s characterized in the following.

In order to increase the efficiency and productivity of min-
eral crushing an angle between the impact surface of the each
secondary crushing rotor interacting with the matenial pieces
forwarded towards 1t and movement directions of these mate-
rial pieces has a value from 76 to 104 degrees at the moment
of the impact,

wherein the material pieces are impacted by the secondary
crushing rotors with a time interval between impacts of the
first and second secondary crushing rotors defined with use of
the expression

A=(0.7 ... L.YR WV ,—-R/V5),

where R, 1s a distance from a place, where the most distant
from the rotor rotation axis point of the impact surface of the
rotor 1s at the minimum distance from the end of the feed
track, to the place, where the first secondary crushing rotor
hits the material pieces,

R, 1s a distance from the place, where the most distant from
the rotor rotation axis point of the impact surface of the rotor
1s at the minimum distance from the end of the feed track, to
the place, where the second secondary crushing rotor hits the
material pieces,

V, 1s an average velocity of the material pieces forwarded
towards the first secondary crushing rotor, and

V., 1s an average velocity of the material pieces forwarded
towards the second secondary crushing rotor.

The part of the expression (0.7 . .. 1.3) mdicates a factor
having a value from 0.7 to 1.3. Any value of the factor 1n this
range ensures elliciency of the disclosed method. In a pret-
erable embodiment of the mvention 1n order to maximize
elficiency of the method the time interval 1s defined with use
of the expression At=R,/V,-R,/V,. 1.e. the factor has unit
value.

In order to increase the efficiency and productivity of
crushing the mineral forwarded by the rotor tlow, the material
to be crushed 1s divided into two tlows at the moment of an
interaction with the secondary crushing rotors.

At the moment of 1mpacts, each 1mpact surface of the
secondary crushing rotor interacting with the maternal pieces
1s preferably at the angle from 76 degrees to 104 degrees (1.¢.
substantially normal, 90 degrees plus-minus 14 degrees) to
the movement direction of the material pieces. The position of
the impact surfaces can be provided by concentric shapes of
the impacting surfaces of the secondary crushing rotors and
concentric arrangement of the impacting surfaces of the sec-
ondary crushing rotors during the impacting the material
pieces relative to the most distant from the rotor rotation axis
point of the impact surface of the rotor 1s at the minimum
distance from the end of the feed track.

To produce homogeneous material of larger fraction, for
example, macadam (gravel), in one embodiment the mode of
crushing providing the relations

Vi=(0.1...0.35)(V +V,),

V,=(0.1. .. 0.35)(V,+V,),

where V , 1s the linear velocity of the most distant from the
rotor rotation axis point of the impact surface of the rotor 1s at
the minimum distance from the end of the feed track, V _, and
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V_, are the linear velocities of the most distant from corre-
sponding secondary crushing rotor rotation axes points of the
impact surfaces of the first and second secondary crushing
rotors, 1s set by adjustment of the velocities of the rotor and
the secondary crushing rotors, and the material interacted
with the secondary crushing rotors 1s forwarded to limiters set
tangentially relative to the direction of the material pieces
motion. The limiters could be moveable, 1n this case they
should be openable, 1.e. be relocatable to the tangential posi-
tion relatively to the direction of the material motion in order
to function as passive secondary crushing rotors. The second-
ary crushing rotors advantageously have identical lineal
dimensions, angular velocities of rotation and 1dentical linear
velocities.

In order to 1increase the crushing etficiency and reduce the
material regrinding the material crushed throughout the inter-
action with the secondary crushing rotors and consisting of
the particles less than 0.2 millimeters can be removed from
the process preferably by means of suction devices disposed
in the crushing chamber, for example, under the limaiters.

To ensure that flows of the matenal to be crushed are not
obstacles for each other 1n the crusher during the crushing
process, the material pieces interacted with the second sec-
ondary crushing rotor can be forwarded to a zone under the
first secondary crushing rotor by additional secondary crush-
ing rotor.

In order to increase the efficiency of mineral crushing
during concentrating the material forwarded by the additional
secondary crushing rotor to a zone under the first secondary
crushing rotor (for example, to a limiter disposed under the
first secondary crushing rotor) can be forwarded to the impact
surface of the second secondary crushing rotor, wherein the
cifective cross-sections of the limiters are preferably closed.

The object of the present mvention 1s also solved by an
impact crusher for implementing the aforesaid methods com-
prising a body contaiming a feed track, a rotor with one or
more impact surfaces and two secondary crushing rotors with
impact surfaces, wherein the rotor and the secondary crushing
rotors are rotatable synchronously. Rotation synchronism
could be obtained by a kinematical connection. The rotor 1s
able to 1impact material fed by the feed track and forward
material pieces towards the secondary crushing rotors. The
secondary crushing rotors are able to then impact the material
pieces forwarded towards them by their impact surfaces.

In order to increase the efficiency of crushing and the
quality of the product, the crusher the rotor and secondary
crushing rotors are rotatable 1 such a way that an angle
between the impact surface of the each secondary crushing
rotor interacting with the material pieces forwarded towards 1t
and movement directions of these material pieces has a value
from 76 to 104 degrees at the moment of the impact.

The secondary crushing rotors are rotatable 1n such a way
that a value of a time 1nterval between the impacts made by
the impact surfaces of the first and second secondary crushing
rotors on the material pieces forwarded towards them 1s
defined with use of the expression

e

A=(0.7 ... 1.3)R /V=R/V>),

where R, 1s a distance from a place, where the most distant
from the rotor rotation axis point of the impact surface of the
rotor 1s at the minimum distance from the end of the feed
track, to the place, where the first secondary crushing rotor
hits the material pieces,

R, 15 a distance from the place, where the most distant from
the rotor rotation axis point of the impact surface of the rotor
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1s at the mimimum distance from the end of the feed track, to
the place, where the second secondary crushing rotor hits the
material pieces,

V, 1s an average velocity of the material pieces forwarded
towards the first secondary crushing rotor, and

V, 1s an average velocity of the material pieces forwarded
towards the second secondary crushing rotor.

0.7 ... 1.3 1s a factor taking into account dynamics of the
collision process for a given fineness of the 1nitial material
and defined characteristics of a grain-size composition of the
crushing product.

In a preferable embodiment of the crusher the value of the

time interval 1s defined with use of the expression At=R,/V | —
R,/V,.

The secondary crushing rotors are preferably rotatable in
such a way that their impact surfaces are preferably at the
angle from 76 degrees to 104 degrees (1.e. substantially nor-
mal) to the movement direction of the material pieces inter-
acting with them. The aforesaid arrangement of the impact
surfaces of the secondary crushing rotors relatively to the
movement directions of the pieces can be achieved by con-
centric shape of the impacting surfaces and their concentri-
cally arrangement during the impacting the material pieces
relative to the most distant from the rotor rotation axis point of
the 1mpact surface of the rotor 1s at the minimum distance
from the end of the feed track.

The crusher preterably comprises an additional secondary
crushing rotor located between the rotor and the second sec-
ondary crushing rotor and reflecting the material pieces for-
warded by the second secondary crushing rotor to a zone
under the first secondary crushing rotor. This feature prevents
the flows of the crushed material from being obstacles to each
other during the process of crushing.

The additional secondary crushing rotor 1s advantageously
located between the rotor and the second secondary crushing
rotor 1n the vertex of the triangle having a base passing from
the place, where the most distant from the rotor rotation axis
point of the impact surface of the rotor 1s at the minimum
distance from the end of the feed track, to a place, where the
most distant from corresponding secondary crushing rotor
axes points of the impact surfaces of the secondary crushing
rotors are at the minimum distance from each other, wherein
the angle between the base of the triangle and a side of the
triangle connecting the center of a secondary crushing rotor
of the additional secondary crushing rotor and the place,
where the most distant from the rotor rotation axis point of the
impact surface of the rotor 1s at the minimum distance from
the end of the feed track, 1s about 35 degrees plus-minus 10
degrees. In the preferable embodiment the additional second-
ary crushing rotor can adjust 1ts angular position within the
limits of 20 degrees to each direction relative to its middle
angular position. A turning axis can be located in the center of
the additional secondary crushing rotor and a hinge 1s advan-
tageously placed 1n the upper or lower part of the element.

The crusher pretferably contains limiters forming a gap
between the rotor or the secondary crushing rotor and a sur-
face of the limiter. These limiters can be moveable 1in grooves
of the crusher body and forming the necessary gaps between
the ends of the impact elements of the rotor or the secondary
crushing rotor and working surfaces of the limiters. More-
over, the limiters can have clearing openings, which can be
adjustable on their eflective cross-sections.

In one embodiment a bumper 1s located between the lim-
iters ol the rotor and the first secondary crushing rotor; the
bumper can be attached to the limiters. The bumper can
comprise clearing openings.
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In the preferable embodiment of the crusher the feed track
1s adjustable on the position of the feed track end with respect
to the rotor (1.e. with respect to the point of loss of the contact
of the matenial to be crushed with 1ts surface). For this purpose
the feed track can comprise a pivoted hinge at the upper part
of the feed track and fixing means at the lower part of the feed
track and the fixing means could be able to fix the feed track
continuously or discretely up to 15 degrees to each direction
from the middle position of the feed track.

The distances R, and R, preferably have the following
relation: R;=R,=(V,/V,)R,.

In one of the embodiments the distance R.=(V,/V )R, and
At=0, 1.e. the impact surfaces of the secondary crushing rotors
interact with the material pieces simultaneously.

During commercial operation of the active impact crushers
there were carried out some experiments directed towards
optimization of the process of mineral destruction and reveal-
ing of opportunities to increase crushing efliciency using the
advantages of the active interaction. It was ascertain in that
way that the elimination of the intersection and collision of
the flows of the maternial to be crushed leads to the suificient
increase of crushing efficiency, wherein the reduction of
regrinding of the material was noticed as well.

The characterizing feature of the method of active impact
crushing 1s that directed impacts of the secondary crushing
rotors are synchronized with the impacts of the rotor and their
impact surfaces are oriented perpendicularly to the velocity
vectors of the pieces forwarded by the rotor, wherein the
linear motion velocity of the secondary crushing rotors is
preferably 0.3 to 3.5 of the rotor linear velocity.

The proposed method of active impact crushing allows the
climination of the shortcomings of the present crushers by
division of the flow of the material forwarded by the rotor into
two flows. The time interval between impacts of the second-
ary crushing rotors on the material pieces 1s set accordingly
their velocity and distance from the place of the rotor impact
to the place of the secondary crushing rotor impact.

The proposed method and crusher provide increased crush-
ing efficiency and the quality of the final product. In accor-
dance with the present invention the power consumption per
ton of the crushed material 1s practically 3 and more times less
as compared with the crushing methods 1n operation.

The object of the present invention 1s to increase the pro-
ductivity and elliciency of the crushing through elimination
of the alforementioned shortcoming, which lies in that the
impacting surfaces of the secondary crushing rotors are not
normal during the impacts with the flying directions of the
pieces ol the forwarded material to be crushed to the respec-
tive secondary crushing rotors. The said perpendicularity can
be achieved by concentric shape of the impacting surfaces
and their concentrically arrangement during the hitting of the
material pieces relative to the point of the impact surface of
the rotor, which 1s the farthest from the rotor rotation axis,
when 1t 1s at the minimum distance from the end of the feed
track.

It was determined by the investigations that in the impact
rotary crushers the deviations of the piece flight directions
alfter the impact of the rotor, where the scattering 1s fan-
shaped, correspond to Gaussian law. The most probable
direction of the flight—the average or modal direction—is
determined by geometrical sum of velocities V, of the pieces
coming along the teed track to crushing and the velocity V , of
the rotor (see FI1G. 1a). It was shown that the pieces of small
s1ze are thrown oif in the modal (the most probable) direction
and closer to the rotor (towards the first of lower secondary
crushing rotor), and the large pieces are thrown ol away from
the rotor (towards the second of upper secondary crushing
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rotor) (see FIG. 15). It should be noted that even 11 the equal
s1zed pieces come 1nto the crusher, they can be crushed into
pieces of different sizes by the impact of the rotor. The rotor
can be implemented as a rotatable rotor having one or more
impact surfaces.

It was determined that independently of the rotational
speed of the rotor the scattering diagram of the material to be
crushed does not change: after the primary impact the small
pieces scatter 1n the modal direction and closer to the rotor
and the large pieces have a flight vector directed away from
the rotor, 1.e. 1n accordance with the influence of the centrifu-
gal forces directed from the center of gravity of each piece.

Such a situation 1s typical for both the uncrushed pieces of
different sizes and partly crushed pieces broken at a plane of
the maximum radius of rotation of the rotor throughout the
contact ol pieces of the material to be crushed with the surface
of the crushing element. In other words, 1nvestigations reveal
that the flow of the impacted by the rotor matenal 1s divided
at least two flows depending on the angle: the flow of small
pieces and the flow of large pieces.

This conclusion was used to ivent the method of active
impact provided with the synchronization of the impacts of
the rotor and secondary crushing rotors and to design the
crusher with active impact.

The fulfilled analytical mmvestigations and experiments
resulted in the determined fact that the interaction of the
mineral pieces of different sizes and having difierent vector
quantities of velocities after the impact of the rotor with the
secondary crushing rotors takes place not simultaneously on
the whole working surface but with delay of the contact of the
small pieces of the matenial to be crushed and the impact
surfaces of the secondary crushing rotors relative to the con-
tact of the large pieces.

The value of this delay 1s equal to the following:

AT=R,/V,~R/V,,

where R, 1s a distance from a place, where a point of the
impact surface of the rotor, which 1s the farthest from an rotor
rotation axis, 1s at a mimimum distance from the end of the
teed track (1.e. the place, where the rotor impacts the pieces of
the material to be crushed coming along the feed track), to a
place, where the material pieces forwarded towards the first
secondary crushing rotor are impacted by the impact surface
of the first secondary crushing rotor;

R, 1s a distance from the place, where the point of the
impact surface of the rotor, which is the farthest from the rotor
rotation axis, 1S at the minimum distance from the end of the
teed track, to a place, where the material pieces forwarded
towards the second secondary crushing rotor are impacted by
the impact surface of the second secondary crushing rotor;

V, 1s an average velocity of flight of the material pieces
torwarded towards the first secondary crushing rotor and

V, 1s an average velocity of flight of the material pieces
torwarded towards the second secondary crushing rotor.

The atorementioned distances and average velocities of
tflight of the material pieces can be measured experimentally
with use of appropriate measuring equipment or by means of
video recording, which can be accelerated. The distances R
and R, usually are set taking into account dimensions of
crushing equipment, fineness (size) of the material to be
crushed, conditions of efficient operation of a crusher and
relative positions of the rotor and the secondary crushing
rotors. Principles and examples of selection of these distances
can be found 1n the state of the art. The velocities V, and V,
depend on a linear velocity of the most distant from the rotor
rotation axis point of the impact surface of the rotor, which
could be determined on the base of an angular velocity of
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rotor rotation and a distance from the rotor rotation axis of the
most distant point of the impact surface, and size and weight
ol the forwarded material pieces and the velocity of the mate-
rial being fed by the feed track.

The tlow of the partly crushed matenial directed by the rotor
has a shape of a fan consisting of tlows of differently sized
pieces, this fan-shaped tlow has at least two parts depending
on fineness. One part flying closer to the rotor gets the impact
from the first (lower) secondary crushing rotor having the
counter linear velocity V _; of the most distant from the rota-
tion axis point of the impact surface. The other part flying
away from the rotor gets the impact from the other (upper)
secondary crushing rotor having a counter velocity V_, of the
most distant from the rotation axis point of the impact surtace.
The impacts of the first and second secondary crushing rotors
are carried out with time delay, 1ts value (or modulo of value)
1s determined by the average velocities of thght of the small
and large pieces and the distances from the place of forward-
ing of the said pieces by the rotor towards the secondary
crushing rotors:

A=(0.7 ... 1.3)R /V,-R/V>).

The factor (0.7 . . . 1.3) showing the range of possible
values of the time interval between impacts made by the
secondary crushing rotors reflects characteristics of the fine-
ness of the imtial material and the grain-size composition of
the crushing product and can take into account manufacturing
tolerances and tooling. If the value of the time interval
between impacts 1s within the range, the crushing efficiency 1s
achievable. The efficiency 1s optimal, when the value of the
time interval between impacts 1s equal to the value of the
delay of the small pieces relatively to large pieces.

Because collisions of the impact surfaces of the secondary
crushing rotors and the material pieces takes place with the
time 1nterval depending on piece velocities and the length of
the paths traversed between the rotor and the secondary
crushing rotors, the aforementioned perpendicularity or the
close to perpendicular value of the angles between the impact
surfaces of the secondary crushing rotors and tlight directions
of the material pieces forwarded towards them 1s achieved
both for the small pieces of material forwarded by the rotor
towards the first secondary crushing rotor and the large pieces
of matenial forwarded by the rotor towards the second sec-
ondary crushing rotor. In other words, such perpendicularity
1s achieved both for the first secondary crushing rotor and the
second secondary crushing rotor.

The time mterval between impacts made by the secondary
crushing rotors on the pieces of the material to be crushed can
be defined by calculation with use of values of the distances
R, and R, set on the base of reason from the state of the art and
measured values of the matenial pieces velocities V, and V.,.
This time interval can be set by tuning of imtial relative
positions of rotation of the secondary crushing rotors made in
the form of rotatable rotors 1n such a way that the impact
surfaces of the both secondary crushing rotors can be sub-
stantially normal to directions of tlight of the material pieces
at the moments of impacts. Time of the impacts and positions
of the impact surtaces of the secondary crushing rotors can be
measured, for example, experimentally with use of appropri-
ate equipment or accelerated video recording. Time of impact
1s determined for the most part (60% or more) of material
pieces forwarded to the secondary crushing rotor and can be,
for example, averaged for all or part of impacted pieces.

It 1s shown by experiments that efficient crushing 1s
achieved during collision of the impact surfaces of the sec-
ondary crushing rotors with the material pieces at the pre-
scribed distances R, and R, if the impact surfaces are at the
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angle from 76 to 104 degrees to the tlight direction of the
material pieces at the moment of the impact. The most effi-
ciency 1s achieved when the impact surfaces are normal (at the
angle of 90 degrees) to the flight direction of the material
pieces at the moment of the impact. If the value of the angle 1s
outside of the sard range (1.e. less than 76 degrees or more than
104 degrees), the crushuing efliciency drops below an accept-
able value and regrinding can occur. The value of the angle
can be calculated or experimentally measured with use of
appropriate equipment. This value can be defined with help of
video recording as well. The video recording can be, for
example, accelerated (made with a speed higher than a speed
of viewing).

The substantially normal positions of the impact surfaces
of the rotatable secondary crushing rotors relative to flight
directions of the material pieces can be set by appropriate
initial relative position of rotation of the rotor and the second-
ary crushing rotors in such a way that the material pieces
torwarded by the rotor contact with the secondary crushing
rotors having occupied (by means of rotation) positions pro-
viding perpendicularity of their impact surfaces and direc-
tions of movement of the material pieces forwarded by the
rotor. The directions of movement of the material pieces
torwarded by the rotor can be approximated by lines (or a fan
of lines) connecting the place or point, where the most distant
from the rotor rotation axis point of the impact surface of the
rotor 1s at the mimimum distance from the end of the feed track
(in other words the place where the rotor forwards the mate-
rial pieces towards the secondary crushing rotors), and the
points of the impact surfaces of the secondary crushing rotors.

The mnitial relative positions of rotation of the rotor and the
secondary crushing rotors can be defined by values of time
intervals between forwarding the material pieces by the rotor
and subsequent impacts of the secondary crushing rotors on
the forwarded maternial pieces, 1.e. between the moment of
taking by the rotor the position, where the most distant from
the rotor rotation axis point of the impact surface of the rotor
1s at the minimum distance from the end of the feed track, and
the moments of taking by the secondary crushing rotors the
positions, where their impact surfaces are substantially nor-
mal (have angles from 76 to 104 degrees) to the line, connect-
ing the point, where the most distant from the rotor rotation
ax1s point of the impact surtace of the rotor 1s at the minimum
distance from the end of the feed track, and the points of these
impact surfaces. These time intervals have values of R,/V,
and R,/V, for the first and second secondary crushing rotors
correspondingly.

In one embodiment this perpendicularity or near perpen-
dicularnity of the angles between the impact surfaces of the
secondary crushing rotors and flight directions of the material
pieces forwarded towards them i1s provided with simulta-
neous 1mpacts between both secondary crushing rotors and
the material pieces forwarded towards them. In this case the
second secondary crushing rotor should be further than the
first secondary crushing rotor, 1.e. R,=(V,/V)R,.

In another embodiment the substantially perpendicular
positions of the impact surfaces of the secondary crushing
rotors relatively to the tlight directions of the maternial pieces
at the moments of the impacts can be achieved for the case
when R,=R,=R by setting the time interval between the sec-
ondary crushing rotors taking the perpendicular positions
relative to line connecting the place, where the most distant
from the rotor rotation axis point of the impact surface of the
rotor 1s at the minimum distance from the end of the feed
track, and the points of the impact surfaces of the first and
second secondary crushing rotors equal to R(1/V,-1/V,).
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After interaction with the second (upper) secondary crush-
ing rotor the material can be forwarded to an additional and
mainly passive secondary crushing rotor, which can have
concave surface and retlect the material into a zone located
under the first (lower) secondary crushing rotor and prefer-
ably dimensioned as 0.5 of the rotating radius of the most
distant from the rotational axis point of the impact surface of
the first secondary crushing rotor, wherein the center of the
zone 1s disposed at a line connecting a rotational axis of the
rotor with the rotational axis of the first secondary crushing
rotor at a distance of ¥ of the rotating radius of the most
distant from the rotational axis point of the impact surface of
the first secondary crushing rotor, wherein the material for-
warded by the rotor and interacting with the first secondary
crushing rotor 1s preferably forwarded 1nto a space under the
rotor.

Implementation of the proposed method 1s 1llustrated by
FIGS. 2 to 8.

FIG. 2 shows a general diagram of the method implemen-
tation and FIGS. 3, 4, 5, 6 show separate stages of crushing
and motion of the crushing product 1n the embodiment, when
At=0 and R,=R,(V,/V ).

The matenal 1s forwarded with the scattering angle alpha
(the probability of material getting to the sector of this angle
1s 92%) from a place of loss the contact of material to be
crushed along a line of intersection of the fees track with the
rotational circumierence of the rotor 1 (the point A) towards
secondary crushing rotors having the rotational center O2 of
the first (lower) secondary crushing rotor 2 and the rotational
center O3 of the second (upper) secondary crushing rotor 3.
The average direction of the piece flight (the middle of a
fan-shaped flow—mode M) 1s formed on the line AG. The

tlight ol the smaller pieces passes from the rotor along the line
AC (vector R, ), and the tlight of the larger pieces passes from
the rotor along the line AD (vector R,). The distance "S
formed 1n accordance with the embodiment of the present
invention permits compensation for the lack of the velocity of
the smaller pieces and difference of the piece sizes of the
material to be crushed and to carry out the interaction of the
material with the impact surfaces of the both secondary crush-

ing rotors simultaneously. Taking into account adjustable
inertial force of the impact of the secondary crushing rotors,
the large and small pieces of the mineral are destroyed up to
the fractions determined by the operating conditions.

Further the flow of the crushed material 1s forwarded from
the second secondary crushing rotor 3 to the concave retlect-
ing surface of the additional secondary crushing rotor 4 for-
warding the material 1into the zone E, the center of the zone 1s
on the line connecting rotational axes O1 and O2 of the rotor
and the first secondary crushing rotor. The dimension of the
zone E 1s V4 of the maximum linear dimension of first sec-
ondary crushing rotor at a sectional plane orthogonal to the
rotation axis. The segment O2E i1s equal to ¥ of the rotational
radius of the point of the secondary crushing rotor 2, which 1s
maximum remote from the rotational axis at the sectional
plane orthogonal to the rotational axis, 1.e. to 4 of the maxi-
mum linear dimension of first secondary crushing rotor at the
sectional plane orthogonal to the rotational axis from the
rotational axis of this element.

The crushed material thrown off from the secondary crush-
ing rotor 2 1s forwarded towards the rotor 1. The rotor catches
the material and forwards it to the limiters 5 and 6 used for
unloading the product.

The crushed material forwarded by the additional second-
ary crushing rotor 4 to the zone E (see F1G. 2) 1s caught by the
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secondary crushing rotor 2 and unloaded from the process
through the limiters 7 and 8. FIG. 6 shows the final stage of the
process.

Another embodiment of the proposed method provides the
elficient process of the crushing intended for producing the
macadam (gravel) fraction of nonmetallic minerals (5 to 10,
10t0 20, 20 to 40 millimeters, etc.). To implement this process
the mode of crushing providing the relations

Vi =(0.1...035)(V,+V,,),

V,=(0.1. .. 0.35)(V,+V,),

where V , 1s the linear velocity of the point of the impact
surface of the rotor, which 1s the most distant from the rotor
rotation axis,V_, andV , are the linear velocities of points of
the impact surfaces of the first and second secondary crushing
rotors, which are the most distant from secondary crushing
rotor rotation axes, 1s set by adjustment of the velocities of the
rotor and the secondary crushing rotors, and the material
interacted with the secondary crushing rotors i1s forwarded to
limiters 6 and 7 set tangentially relative to the direction of the
material pieces motion (the withdrawing vector of the prod-
uct) and the limiters 5 and 8 are set 1nto a position for uncon-
fined withdrawal and used as passive bumpers. FIG. 7 shows
this diagram. The limiters could be moveable, 1n this case they
should be openable, 1.e. be relocatable to the tangential posi-
tion relatively to the direction of the material motion 1n order
to function as passive secondary crushing rotors.

In order to provide overall grinding of the maternial to be
crushed, which 1s necessary for concentrating during flota-
tion, and to complete crushing of hard and very hard minerals,
the limiters 3, 6, 7, and 8 close the passage for the crushed
material and the material 1s forwarded to the impact surface of
the secondary crushing rotor 3 by the secondary crushing
rotor 2.

When crushing metallic mineral, the matenal 1s basically
not strong and easy crushed, there arises a necessity of fast
withdrawal of fine grinded product from the process in order
to avoid possible regrinding, because 11 regrinding occurs, a
part of the product s lost throughout the concentrating and the
technology of concentrating of the fine grinded product
becomes difficult to implement.

In order to solve this problem, when the method of active
impact crushing resulting in the producing the fine product 1s
carried out, the suction devices tuned to withdrawal of the
grinded product less than 0.2 millimeters are proposed to
place 1n the crushing camera under the limiters outside the
zone of 1mpacts.

FI1G. 8 shows the diagram of the suction device placement.

It should be mentioned that the flows of the matenal to be
crushed forwarded towards the secondary crushing rotors 2
and 3 do not itersect the tlows forwarded by secondary
crushing rotors 2, 3 and 4, because their time periods of tlight
along the said directions are different and do not concur.

The method and its characterizing features were verified by
a pilot crusher using active impact.

FIG. 9 shows the active impact crusher comprising the
aforementioned construction 1nnovations. The impact
crusher includes a body 13 housing the secondary crushing
rotors (or rotors) 2 and 3, the rotor (or forwarding rotor) 1, the
teed track 10, the supplying track 9, the limiters 5, 6, 7, 8,
relocating devices 1n the grooves 11, the buifer 12 and the
additional secondary crushing rotor (or reflector) 4.

In the active impact crusher, which body 13 encloses three
kinematically connected synchronously rotatable rotors
including one forwarding rotor being the rotor 1 and two
reflecting rotors being the first (lower) secondary crushing
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rotor 2 and the second (upper) secondary crushing rotor 3, the
teeding hole and the supplying track 9 and the limiters 5, 6
placed under the rotor. The first secondary crushing rotor 1s
rotatable 1n such a way that 1t 1s able to impact forwarded
towards 1t the material pieces at the distance R, from the point
T of loss the contact of the material to be crushed from the
teed track and the impact surface of the rotor at the moment of
its contact with the material. The second secondary crushing
rotor 1s rotatable in such a way that it 1s able to 1mpact
forwarded towards 1t the material pieces at the distance R,
from the point T of loss the contact of the matenal to be
crushed with the feed track and the impact surface of the rotor
at the moment of its contact with the matenial.

The secondary crushing rotors are rotatable 1 such a way
that the angle between the impact surface of each secondary
crushing rotor interacting with the corresponding material
pieces and the movement direction of these material pieces
during the impacting the material pieces 1s 76 to 104 degrees
(substantially perpendicular). Such a perpendicularity 1s pro-
vided by concentric shape of the impacting surfaces and their
concentrically arrangement during the impacting the material
pieces relative to the point of the collision of the rotor and the
material to be crushed and by the fact, that the secondary
crushing rotors are rotatable 1n such a way that a value of a
time 1nterval between the impacts made by the impact sur-
faces of the first and second secondary crushing rotors to the
materal pieces forwarded towards them 1s defined with use of
the expression At=(0.7 ... 1.3)(R,/V,-R,/V,), where V, 1s an
average velocity of the matenial pieces forwarded towards the
first secondary crushing rotor and V., 1s an average velocity of
the material pieces forwarded towards the second secondary
crushing rotor.

In a preferable embodiment of the crusher the value of the
said time interval 1s defined with use of the expression At=R ,/
V,-R,/V.,.

The additional secondary crushing rotor 4 having concave
surface and throwing the material into the zone A-E of the first
secondary crushing rotor 2 rotation 1s placed on the line
connecting the point T and the center O, of rotation of the
second secondary crushing rotor 3 and 1s relocatable relative
to the velocity vector of the crushed matenal reflected by the
impact surface of the element 3 within the limits of 20° to
cach direction relative to its middle position. There are the
limiters 5, 6, 7, 8 under the rotor 1 and the element 2, they are
moveable 1n grooves 11 of the crusher body by means of
corresponding devices and form the adjustable gaps between
the ends of the impact elements and the surfaces of the lim-
iters and also form and adjust sizes of the effective cross-
sections 1n the devices right up to their total closing. In order
to produce the pieces of the material to be crushed of the
prescribed size the feed track 10 1s adjustable with respect to
the point T of loss the contact with the material to be crushed,
wherein the pivoted hinge 1s disposed at 1ts upper part and the
feed track can be fixed at the lower part continuously or
discretely up to 15 degrees to each direction from 1ts middle
position. The bumper 12 attached to the limiters 7 and 8 1s
located between them and forms an expanding conical space
between the rotor and the bumper.

Crushing of mineral schematically shown by FIGS. 9 and
10 occurs as the following. The material to be crushed comes
to the crushing chamber through a loading tray along the
supplying track 9 and further along the feed track 10 set at
necessary angle to one of the impact elements of the rotor 1
rotating at the angular velocity W, having the linear velocity
V , ofthe most distant from rotational axis point of the impact
point and imparting the linear velocity V, and 'V, to the mate-
rial thrown away towards the elements 2 and 3 (see FI1G. 9).
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Deviations of the piece flight directions of the material to be
crushed and thrown by the rotor off correspond to the Gaus-
s1an law determiming that the pieces of small size are thrown
off closer to the rotor towards the first secondary crushing
rotor and the larger pieces are thrown off away from the rotor
towards the second secondary crushing rotor. The velocity of
the large pieces especially destroyed to small extent or not
destroyed exceeds the circumierential velocity of the rotor
rotor; this fact 1s not contrary to the classical theory of the
impact. Dividing the flow of the thrown material on the line of
the most probable partition of the large and small pieces
corresponding to the mode M, the interaction of the material
and the secondary crushing rotors occurs at the distances R
and R,. This interaction can occur simultaneously, if R,=R,
(V,/V ).

At the moment of the interaction of the material to be
crushed and the impact surfaces of the elements 2 and 3 the
surface of the element 2 along the arc AB and the surface of
the element 3 along the arc CD are disposed concentrically
relative to the point T, where the rotor carries out the primary
impact at the pieces of the matenal to be crushed; hence the
large pieces will be crushed the most efficiently. The pieces of
the material crushed by the element 3 are thrown off at the
velocity V_, to the additional secondary crushing rotor 4 and
the crushed by the element 2 material 1s thrown off at the
velocity V_, to the limiters 6 and 7 and the limiter 8 and their
openings are used for unloading and withdrawal of the
crushed product. The matenal 1s reflected by the element 4
towards the limiter 8, where the matenal 1s intensively
unloaded under the action of the element 2 (see FIG. 10). The
builer 12 can have openings 1n accordance with the require-
ments for the final product of the crushing.

The results shown at the table were obtained throughout the
experiments.

It 1s remarkable that fine grinding was achieved at very low
specific power consumption, when the limiters contained the
large openings.

TABLE

Size of
openings in
the limiters,

Average size
of crushed

Si1ze of raw

Material to material, mm Reduction

be crushed Max. Avg.  product, mm ratio I

350

70
150
300

250
40
95

180

2.0
0.56
2.1
2.2

125
71
45
90

30
10
12
20

Granite
Quartzite
Dolomite
Complex
(polymetallic)
ore

Significantly increased crushing efficiency and quality of
the final product and the main feature of the very low power
consumption per ton of the grinded material, which 1s less
than three and more times than crushing methods in opera-
tion, reliably demonstrate that the proposed method provides
new parameters and features for the ore pretreatment process
and non-metallic mineral as well.

There has also appeared a possibility to control the fineness
of the crushed matenal through setting of the necessary
operational parameters as well.

The mvention claimed 1s:

1. A method of crushing material comprising the steps of:

feeding the material to a rotor;

crushing the material by said rotor to pieces of different
S1ZES;
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forwarding said pieces of different sizes to at least two
secondary crushing rotors;

hitting the pieces of a first size on 1mpact surfaces of the
first secondary crushing rotor;

hitting the pieces of a second size on the impact surfaces of
the second secondary crushing rotor;

adjusting an angle between the impact surface of the each
secondary crushing rotor with respect to the movement
directions ol these material pieces to a value from
approximately 76 to approximately 104 degrees at the
moment of the impact,

hitting said pieces on said impact surfaces at a time interval
between impacts of the first and second secondary
crushing rotors defined with use of the expression

A=(0.7 ... 1.3)(R,/V,-R,/V>),

where R, 1s a distance from a place, where the most distant
from the rotor rotation axis point of the impact surface of
the rotor 1s at the minimum distance from the end of a
feed track, to the place, where the first secondary crush-
ing rotor hits the material pieces of said first size,

R, 1s a distance from the place, where the most distant from
the rotor rotation axis point of the impact surface of the
rotor 1s at the minimum distance from the end of the feed
track, to the place, where the second secondary crushing
rotor 1impacts the pieces of said second size,

V, 1s an average velocity of the pieces of said first size
forwarded towards the first secondary crushing rotor,
and

V., 1s an average velocity of the pieces of said second size
forwarded towards the second secondary crushing rotor.

2. The method of claim 1, further including the step of:

directing the flow of said pieces with concentric shapes and

concentric arrangement located on at least one of said
impact surfaces of said secondary crushing rotor.

Specific
power
consumption,

kWh per ton

0.20
0.18
0.09
0.06

3. The method of claim 1, further including the step of:
forwarding pieces which interact with the second second-
ary crushing rotor to a zone located under the first sec-
ondary crushing rotor.
4. The method of claim 1, wherein the step of crushing 1s
performed 1n accordance with the relations

Vi=(0.1. .. 0.35)(V, 4V, ),

Vom(0.1 ... 0.35)(V 4 V),

where V  1s the linear velocity of the most distant from the
rotor rotation axis point of the impact surface of the
rotor, V_, and V _, are the linear velocities of the pieces
most distant from corresponding secondary crushing
rotor rotation axes points of the impact surfaces of the
first and second secondary crushing rotors, 1s set by
adjustment of the velocities of the rotor and the second-
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ary crushing rotors, and the material interacted with the
secondary crushing rotors 1s forwarded to limiters set
tangentially relative to the direction of the pieces

motion.
5. The method of claim 1, further including the step of: 5

withdrawing pieces of less than 0.2 millimeters from the
process by means of a suction devices.
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